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INTRODUCTION 
Echo i n t e g r a t i o n  i s  now w i d e l y  used t o  o b t a i n  e s t i m a t e s  of  
abundance of  f i s h  p o p u l a t i o n s  (DRAGESUND and OLSEN 1965,  BODHOLT 
1969,  JOHANNESSON and LOSSE 1973,  MIDTTUN and NAKKEN 1971,  THORNE 
e t .  a l  1971) . The fundamenta l  background f o r  t h e  i n t e g r a t i o n  method 
--
i s  g i v e n  i n  FORBES and NAKKEN (1972) and c a n  b e  summed'up a s  
f o l l o w s :  when a  t i m e  v a r i e d  g a i n ,  compensat ing  f o r  one way geo- 
m e t r i c a l  s p r e a d i n g  and two ways a b s o r p t i o n  o f  t h e  sound,  i s  a p p l i e d ,  
and t h e  echo v o l t a g e  i s  s q u a r e d  b e f o r e  i t  i s  i n t e g r a t e d ,  t h e n  t h e  
o u t p u t  of  a n  echo  i n t e g r a t o r  b e a r s  a  l i n e a r  r e l a t i o n s h i p  t o  f i s h  
d e n s i t y .  The l i n e a r  r e l a t i o n s h i p  between echo  i n t e n s i t y  and f i s h  
d e n s i t y  e m p i r i c a l l y  shown by SCERBINO and TRUSKANOV ( 1 9 6 6 ) ,  i s  
dependen t  on t h e  s c a t t e r i n g  c r o s s  s e c t i o n  o r  t a r g e t  s t r e n g t h  o f  
t h e  f i s h  and i s  t h u s  a  c o n s t a n t  f o r  a  g i v e n  s p e c i e s  and s i z e  (CRAIG 
1 9 7 3 ) .  I n  o r d e r  t o  o b t a i n  e s t i m a t e s  o f  a b s o l u t e  d e n s i t y  of  f i s h  
from i n t e g r a t i o n  v a l u e s ,  t h i s  r e l a t i o n s h i p  must  b e  q u a n t i f i e d ,  i . e .  
t h e  s l o p e  and t h e  i n t e r s e c t  o f  a  s t r a i g h t  l i n e  must be  de te rmined .  
T a r g e t  s t r e n g t h s  f o r  a  l a r g e  number of  f i s h  from v a r i o u s  s p e c i e s  
w e r e  i n v e s t i g a t e d  d u r i n g  t h e  summer 1971. The main r e s u l t s  from 
t h e s e  exper iments  a r e  r e p o r t e d  e l s e w h e r e  (NAKKEN and OLSEN 1 9 7 3 ) .  
The p r e s e n t  p a p e r  d e a l s  w i t h  come r e s u l t s  from t h e  measurements 
which may s i m p l i f y  t h e  d e t e r m i n a t i o n  of  t h e  numer ica l  v a l u e s  of  
t h e  r e l a t i o n s h i p  between echo i n t e n s i t y  and f i s h  d e n s i t y  i n  p r a c t i c e .  
l 
MATERIAL AND METHODS 
The r e l a t i o n  between t h e  i n t e g r a t e d  echo  i n t e n s i t y ,  M ,  and t h e  
number of  f i s h  p e r  u n i t  a r e a ,  P~ i s  (THORNE and WOODEY 1970,  
M I D T T U N  and NAKKEN 1 9 7 3 ) :  
The d e n s i t y  c o e f f i c i e n t ,  C ,  e x p r e s s e s  t h e  number of  f i s h  p e r  u n i t  
a r e a  which c o n t r i b u t e  t o  one u n i t  of  t h e  i n t e g r a t e d  echo i n t e n s i t y .  
The d e n s i t y ,  d ,  i s  t h e  l o w e s t  d e n s i t y  which can  b e  r e c o r d e d  and . 
c a n  t h u s  b e  r e g a r d e d  a s  a  t h r e s h o l d  d e n s i t y .  
The d e n s i t y  c o e f f i c i e n t ,  C ,  depends  on f i s h  s p e c i e s  and s i z e  and 1 
on t h e  c h a r a c t e r i s t i c s  of  t h e  sounder  and i n t e g r a t i o n  sys tem.  I t  
i s  t h e r e f o r e  c o n v e n i e n t  t o  w r i t e  C a s  a  p r o d u c t  (NAKKEN and VESTNES 
1970,  CRAIG 1973) . 
. 
where Cf  now depends o n l y  on f i s h  s p e c i e  and s i z e  and Ci i s  an  
" i n s t r u m e n t a t i o n  c o n s t a n t "  which c a n  b e  de te rmined  by c a l i b r a t i o n  
of  t h e  i n s t r u m e n t s .  
A s  Cf  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  s c a t t e r i n g  c r o s s  s e c t i o n  
one  a r r i v e s  a t  i 
where 1 i s  t h e  l e n g t h  of t h e  f i s h  and b o t h  Cs and b  a r e  c o n s t a n t s  
f o r  a  g i v e n  s p e c i e s .  Numerical  v a l u e s  of  b  a r e  g i v e n  by s e v e r a l  
a u t h o r s  (LOVE 1969 and 1971, FIIDTTUN and HOFF 1962, Mc CARTNEY and 
STUBBS 1971,  GODDARD and WELSBY 1973,  NAKKEN and OLSEN 1 9 7 3 ) .  
E q u a t i o n s  I1 and I11 g i v e  
When C s ,  b  and C i  a r e  known, C can  b e  c a l c u l a t e d  f o r  any l e n g t h ,  1. 
Examples of  such c a l c u l a t i o n s  a r e  g i v e n  by C R A I G  ( 1 9 7 3 ) .  NAKKEN 
and DOMMASNES (1975) and BUZETA and NAKKEN (1975) use  a  d i f  f e r e n t  
approach.  They de te rmined  one ( o r  a  few) s e t  of c o r r e s p o n d i n g  v a l u e s  
of  C and 1 by d o i n g  i . n t e g r a t i o n  on i n d i v i d u a l  f i s h  and c o u n t  t h e  
number of  t r a c e s  on t h e  r e c o r d i n g  p a p e r  (MIDTTUN and NAKKEN 1971,  
and 1 9 7 3 ) .  Using t h e  o b s e r v a t i o n s  of  C and 1 i n  e q u a t i o n  I V ,  
t o g e t h e r  w i t h  an  e m p i r i c a l l y  de te rmined  v a l u e  o f  b  (NAKKEN and 
OLSEN 1973) t h e y  a r r i v e d  a t  e s t i m a t e s  o f  Cs . Ci  f o r  t h e  s p e c i e s  
and i n t e g r a t i o n  sys tem under  c o n s i d e r a t i o n .  Next,  e q u a t i o n  I V  was 
used t o  o b t a i n  e s t i m a t e s  of  C f o r  a l l  l e n g t h  g roups  i n  q u e s t i o n .  
I n  s t e a d  o f  u s i n g  e q u a t i o n  I V  i n  t h e  c a l c u l a t i o n s  of  C ,  a  s u i t a b l e  
t a b l e  can  be  made which c o n t a i n  t h e  e m p i r i c a l  i n f o r m a t i o n  on Cs 
and b .  The " f i s h  dependent"  p a r t  o f  t h e  d e n s i t y  c o e f f i c i e n t  C 
c a n  i n  such  a  t a b l e  t h e n  b e  found f o r  a s  many s p e c i e s  and s i z e  
g roups  a s  t h e r e  a r e  s u f f i c i e n t  knowledge o f .  I n t r o d u c i n g  a  r e f e r e n c e  
1 t a r q e t  w i t h  a  d e n s i t y  c o e f f i c i e n t  C = C i n  e q u a t i o n  I1 one q e t :  
r e f  
and p u t t i n g  C f  = r one f i n a l l y  h a s :  
r- L 
ref 
, 
From t h i s  e q u a t i o n  r e l a t i v e  v a l u e s  o f  C a r e  found when v a l u e s  of 
r a r e  a v a i l a b l e .  
Values  of r were o b t a i n e d  from t h e  d a t a  c o l l e c t e d  by NAKKEN and 
OLSEN (1973) . I n  t h a t  p a p e r  t h e  i n s t r u m e n t  s e t  up a s  w e l l  a s  t h e  
working p rocedure  of t h e  exper iment  were d e s c r i b e d  i n  d e t a i l  and 
h e r e  j u s t  a  few remarks w i l l  be  g i v e n .  For t h e  d o r s a l  a s p e c t  of 
e a c h  f i s h  a n  a v e r a g e  echo i n t e n s i t y  A ,  was c a l c u l a t e d  a s  a  runn ing  
i 
mean a c c o r d i n g  t o  t h e  f o l l o w i n g  formula  
where $d i s  t h e  a n g l e  between t h e  p e r p e n d i c u l a r  t o  t h e  a c o u s t i c  
a x i s  of  t h e  t r a n s d u c e r  and t h e  l o n g  a x i s  o f  t h e  f i s h  i n  d e g r e e s .  
V i s  t h e  obse rved  echo  v o l t a g e .  The maximum v a l u e s  of  t h e s e  
r u n n i n g  means were grouped a c c o r d i n g  t o  s p e c i e s  and l e n g t h  and 
mean v a l u e s  and c o n f i d e n c e  l i m i t s  f o r  each  g roup  w e r e  c a l c u l a t e d .  
F i n a l l y  r was c a l c u l a t e d  by i n v e r t i n g  t h e  r e l a t i v e  i n t e n s i t i e s ,  
m u l t i p l y i n g  them w i t h  100,  and t h e n  se lec t  Cref e q u a l  t o  Cf 
f o r  a  100 c m  cod.  
RESULTS AND DISCUSSION 
F i g .  1 shows t h e  mean v a l u e  o f  t h e  r e l a t i v e  echo  i n t e n s i t y  p e r  
i n d i v i d u a l  f i s h  a s  a f u n c t i o n  of  f i s h  l e n g t h  f o r  t h e  observed 
s p e c i e s .  The 95 p e r  c e n t  c o n f i d e n c e  l i m i t s  a r e  i n d i c a t e d .  The 
c u r v e s  a r e  f i t t e d  by e y e ,  and e x c e p t  f o r  t h e  i n t e r v a l  15-25 c m  
w e r e  t h e y  show a  downward bend,  t h e y  a r e  s i m i l a r  t o  t h o s e  f i t t e d  
t o  t h e  o b s e r v a t i o n s  of  t h e  maximum d o r s a l  a s p e c t  s c a t t e r i n g  c r o s s  
s e c t i o n s  by a  l i n e a r  r e g r e s s i o n  a n a l y s e s  (NAKKEN and OLSEN 1 9 7 3 ) .  
O b s e r v a t i o n s  of maximum d o r s a l  a s p e c t  t a r g e t  s t r e n g t h  c a n  t h e r e f o r e i  
b e  used t o  o b t a i n  r e l i a b l e  r a t i o s  o f  echo  i n t e n s i t y  between 
s p e c i e s  and l e n g t h  groups .  I n  o t h e r  words,  t h e  numer ica l  v a l u e s  
o f  t h e  power b  de te rmined  f o r  t h e  maximum d o r s a l  a s p e c t  s c a t t e r i n g  
c r o s s  s e c t i o n ,  can  a l s o  b e  a p p l i e d  f o r  t h e  d e n s i t y  c o e f f i c i e n t  C .  
The d e v i a t i o n s  from a  smooth l o g a r i t h m i c  c u r v e  i n  t h e  i n t e r v a l  
15-20 cm a r e  p robab ly  c,aused by i n t e r a c t i o n  i n  t h e  r e f l e c t i o n  
from t h e  d i f f e r e n t  p a r t s  o f  t h e  f i s h  body. I n  t h i s  i n t e r v a l  where 
t h e  r a t i o  between f i s h  l e n g t h  and wave l e n g t h  a r e  4-5, t h e r e  i s  a  
t r a s i t i o n  zone w i t h  r e s p e c t  t o  t h e  n a t u r e  o f  t h e  back s c a t t e r i n g .  
I n  o r d e r  t o  compare d e n s i t y  c o e f f i c i e n t s  f o r  d i f f e r e n t  s p e c i e s  and 
l e n g t h s  i n s t e a d  of  t h e  echo i n t e n s i t i e s  i n  F i g .  1, Table  1 were 
made. The v a l u e s  i n  t h e  t a b l e  a r e  a r r i v e d  by i n v e r t i n g  t h e  v a l u e s  
i n  F i g .  1, m u l t i p l y i n g  them by 100 and u s i n g  Cref  = Cf  f o r  a  100 
cm cod.  Tab le  1 e x p r e s s e s  t h e n  how many f i s h e s  of  t h e  d i f f e r e n t  
s p e c i e s  and s i z e s  which must  c o n t r i b u t e  t o  t h e  i n t e q r a t e d  echo 
i n t e n s i t y  i n  o r d e r  t o  e q u a l  t h e  c o n t r i b u t i o n  from a  100 c m  cod.  
When Tab le  1 i s  used t o  a r r i v e  a t  a b s o l u t e  v a l u e s  f o r  t h e  d e n s i t y  
c o e f f i c i e n t  C ,  t h e  v a l u e  o f  C must  b e  known f o r  one s p e c i e  and s i z e .  
When s o  i s  t h e  c a s e ,  t h e  cornbinat ion of  e q u a t i o n  I1 and Table  1 
g i v e  t h e  a b s o l u t e  d e n s i t y  c o e f f i c i e n t s  f o r  a l l  t h e  o t h e r  c a t e g o r i e s  
i n  Tab le  1. For  example: I f ,  f o r  a  g i v e n  i n t e g r a t i o n  sys tem,  t h e  
d e n s i t y  c o e f f i c i e n t  C f o r  a 60 cm cod i s  found t o  be  6.4 . 10 6  
numbqr 
- ( r l m ) L  . mm1 t h e n  a l l  v a l u e s  i n  Tab le  1 must  b e  m u l t i p l i e d  by 
6  6 . 4  lo . The new t a b l e  a r r i v e d  a t  by t h i s  o p e r a t i o n  then  c o n t a i n s  3.4 
a b s o l u t e  v a l u e s  f o r  t h e  d e n s i  t y  coef  f  i c i e n t  f o r  t h a t  p a r t i c u l a r  
i n t e g r a t i o n  sys tem f o r  a l l  s p e c i e s  and l e n g t h s  covered  by Tab le  1- 
5.  
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T a b l e  1. R e l a t i v e  d e n s i t y  c o e f f i c i e n t s ,  r ,  a t  3 8  kHz ,  a c c o r d i n g  t o  
species a n d  l e n g t h .  Nurnbers  i n  b r a c k e t s  are e x t r a p o l a t e d .  
SPECIES 
L e n g t h  C o d ,  s a i  t h e ,  H a d d o c k ,  He r r i ng ,  M a c k e r e l  P r a w n  
- 
CM p o l l a c k  b l u e  w h i t i n g  s p r a t  
0 7  5 2 6 . 3  ( 5 2 6 . 3 )  6 2 5 .  O 
0 8  3 8 4 . 6  ( 3 8 4 . 6 )  4 1 6 . 7  1 2 5 0 .  O 
0 9  2 7 0 . 3  ( 2 7 0 . 3 )  3 0 3 . 0  8 3 3 . 3  
1 0  2 0 8 . 3  ( 2 0 8 . 3 )  2 7 7 . 8  6 2 5 . 0  
11 1 6 1 . 3  ( 1 6 1 . 3 )  2 0 4 . 1  
1 2  1 2 8 . 2  ( 1 2 8 . 2 )  1 7 5 . 4  l 
Fig. 1. R e l a t i v e  echo i n t e n s i t y  p e r  i n d i v i d u a l  a t  38 kHz 
( p e r c e n t  of t h e  echo i n t e n s i t y  o f  a  1 0 0  cm cod)  
as  a f u n c t i o n  of f i s h l e n g t h  f o r  some s p e c i e s .  
l)  Cod, Po l l ack  and S a i t h e ,  2 )  Herr ing and S p r a t ,  
3 )  Haddsck and Blue wh i t i ng  and 4 )  Mackerel.  
9 5  p e r c e n t  conf idence  l i m i t s  a r e  i n d i c a t e d .  
